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1.  INTRODUCTION 


Earlier  in  Phase  11  of  this  program,  the  roll  stability  of  the  Autonomous  Marine  Booster  Pun^) 
(AMBP)  was  estimated,  assuming  the  wei^ts  and  carter  of  mass  locaticHis  estimated  from  the 
CAD  design  drawings.  (1)* 

This  phase  of  the  program  included  a  specific  task  to  measure  the  actual  wei^t  and  the  location  of 
the  center  of  mass  for  the  equipment  pallet  including  the  diesel  oigine,  the  punqr,  the  piping  and  all 
of  the  controls.  By  substituting  this  experimentally  determined  data  for  the  estimates  used  in  the 
preceding  phase  of  die  program,  an  improved  estimate  of  the  roll  stability  should  be  attainable. 

The  calculation  in  this  r^ort  is  still,  of  course,  a  preliminary  analysis  since  it  includes  actual 
weight  and  balance  data  for  only  the  internal  equipment  pallet.  The  weight  and  balance  for  the  hull 
is  still  cmly  that  originally  estimated  from  the  CAD  design  data.  However,  the  use  of  experimental 
weight  and  balance  data  for  a  major  portion  of  the  system  should  improve  the  estimate. 


2.  BACKGROUND 

The  calculated  roll  stability  from  the  previous  phase  is  summarized  in  Table  2.1  wfrich  gives 
values  for  hull  roll  displacements  from  one  to  15  degrees.  A  200  lb.  man  standing  at  the  very  edge 
of  the  deck  on  the  AMBP  would  create  a  capsizing  moment  of  about  750  ft.-lbs.  Thus,  the  hull 
would  reach  an  equilibriiun  angle  of  about  3.33  degrees  in  this  case.  Another  way  of  ejq)ressing 
the  stability  is  that  it  would  take  more  than  four  200  lb.  moi  standing  cxi  the  same  side  to  roll  the 
hull  15  degrees. 


TABLE  2.1 

RIGHTING  MOMENTS  CORRESPONDING 
TO  VARIOUS  ROLL  ANGLES  FROM  THE  EARLIER  ANALYSIS 


6,  degrees 

1 

5 

10 

15 


6,  radians 

0.01745 

0.08725 

0.1745 

0.26175 


M,  ft.-lbs. 

224.64 

1123.2 

2246.4 

3369.6 


♦Numbers  in  parentheses  refer  to  references  listed  at  die  end  of  this  rq>ort 
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3.  SUMMARY 


After  assembling  the  AMBP  equipment  pallet,  Howland  Associates’  subcontractor,  Engineered  Air 
Systems,  Inc.  e?q)erimaitally  determined  its  weight  and  the  location  of  its  center  of  mass.  The 
experimental  procedure  used  and  the  data  is  summarized  in  their  rq)ort  wdiich  is  included  as 
Appendix  A  of  this  report. 

The  experimental  tests  showed  that  the  pallet,  whai  the  pipes  and  pump  are  filled  with  water, 
waighg  5525  lbs.  and  its  c.g.  is  located  about  22.31  inches  above  Ihe  bottom  of  the  skid. 

When  the  estimated  values  for  the  equipment  pallet  are  replaced  with  the  experimental  values  in  the 
overall  estimate  for  the  weight  snd  c.g.  of  the  complete  AMBP,  the  overall  weight  increases  to 
13,325  lbs.  and  the  c.g.  is  located  about  28.41  inches  above  the  keel  or  bottom  of  the  hull. 

These  values  were  then  substituted  in  the  roll  stability  analysis  described  in  Ref  (1).  The  results 
showed  that  the  roll  stability  is  essentially  unaffected  by  foe  changed  values. 

However,  foe  increased  weight  causes  foe  AMBP  to  sit  about  4.3  inches  lower  in  foe  water, 
lowering  foe  freeboard.  It  is  unlikely  that  this  will  have  any  deleterious  effect  on  foe  operation  of 
foe  system. 

Since  foe  estimated  wei^t  of  foe  pallet  was  somewhat  low,  it  would  be  prudent,  during  foe  next 
phase  of  foe  program  to  closely  monitor  foe  weight  of  foe  hull  as  febrication  progresses.  If  it 
appears  that  foe  original  estimated  wei^t  was  substantially  low,  some  modifications  in  terms  of 
material  or  material  thickness  changes  or,  perhaps,  lightening  holes  could  be  made  to  reduce  foe 
wei^. 

In  any  case,  it  is  recommended  that  foe  wei^t  and  c.g.  for  the  hull  be  measured  before  flotation 
testing  with  foe  payload  and  that  foe  entire  system  be  reanalyzed  for  stability  with  foe  actual  weight 
and  c.g.  numbers. 
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4.  EXPERIMENTAL  MEASUREMENT  OF  WEIGHT  AND  CENTER  OF  MASS 


Following  assembly,  the  febrication  subcontractor  for  this  phase  of  the  program,  Bigineered  Air 
Systems,  Inc.  of  St.  Louis  measured  the  wei^t  and  canter  of  mass  location  for  the  AMBP 
equipmait  pallet  dry,  with  oigine  oil  and  coolant,  and  with  the  punq}  and  pipes  filled  with  water. 

The  test  rq)ort  from  Bigineered  Air  Systems,  Inc.  is  attached  to  this  r^ort  as  Appaidix  A. 
However,  the  data  for  the  system  with  all  fluids  is  the  important  case  to  consider.  The  relevant 
data  is  summarized  below  in  Table  4. 1 


TABLE  4.1 

WEIGHT  AND  CENTER  OF  MASS  LOCATION 
FOR  THE  AMBP  EQUIPMENT  PALLET 

TOTAL  WEIGHT  5525  LBS. 

LONGITUDINAL  C.G.  41.00  INCHES 

(distance  firom  leveling  screws 
CXI  ccxitrol  panel  and) 

LATERAL  C.G.  20.21  INCHES 

(distance  from  leveling  screws 
on  the  actuator  side.) 

VERTICAL  C.G.  22.31  INCHES 

(distance  above  the  bottom  of 
file  pallet  or  skid) 
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5.  RECALCULATION  OF  THE  ORIGINAL  C.  G.  LOCATION 


The  original  wei^t  of  the  artire  AMBP  was  estimated  to  be  1 1,390  lbs.  and  the  vertical  location  of 
the  center  of  mass  was  estimated  to  be  27.8  inches  above  the  bottom  of  the  hull.  This  location  was 
estimated  by  combining  estimates  automatically  provided  by  the  CAD  design  for  the  original 
designs  embodied  in  the  CAD  drawings  and  the  specifications  provided  by  the  major  compraient 
manufacturers  and  the  locaticms  of  their  compcHiaits. 

In  order  to  correct  this  estimate  using  the  data  provided  by  Engineered  Systems  (EASI),  it  is  first 
necessary  to  separate  out  the  weight  and  e  g.  data  for  the  equipment  pallet  in  the  original  estimate. 
Table  5.1  gives  the  original  weights  and  moments  (weight  times  the  moment  arm  of  the  eg.  above 
the  bottom  of  the  hull)  for  each  of  the  major  compements  of  the  pallet  system  used  in  the  original 
stability  analysis. 


TABLE  5.1 

ORIGINAL  ESTIMATES  OF  EQUIPMENT  PALLET  WEIGHTS 
AND  C.  G.  MOMENTS 


Component 

Weight,  lbs. 

Pallet  or  sldd 

1103 

Engine 

1250 

Pump 

296 

Batteries 

520 

BaO  Valve  and  Act. 

261 

Butterfly  Valves 

160 

Totals 

3590 

Moment  Arm,  inches  Moment,  in.-lbs. 


14.82 

16,347 

34.92 

43,650 

28.33 

8,386 

11.84 

6,157 

55.26 

14,423 

47.90 

7,664 

96,627 

The  resultant  estimated  height  of  the  eg.  for  the  pallet  assembly  listed  in  Table  5 . 1  can  simply  be 
found  by  dividing  the  moment  by  the  weight.  The  resuk  was  26.91  inches  above  the  bottom  of  the 
hull.  Thus,  the  c.g.  of  the  pallet  assembly  was  estimated  to  be  aboiit  an  inch  below  that  of  the 
entire  AMBP  assembly. 

The  measured  weight  of  the  pallet  assembly  including  all  fluids  is  5525  lbs.  or  1935  lbs  heavier 
tiian  the  earlier  estimate.  Thus,  for  all  further  calculations,  an  estimated  total  weight  for  the 
AMBP  system  of  13,325  lbs.  should  be  used. 

Subtracting  the  depth  of  the  hull  floor  beams  and  wall  thickness  of  6.375  inches  from  the  above 
earlier  estimate  of  the  c.g.  height  gives  a  height  above  the  bottom  of  die  skid  of 20.54  inches.  This 
is  about  two  inches  below  the  actual  measured  height  of  22.31  inches  from  Table  4.1. 

To  recalculate  the  estimated  c.g.  height  for  the  whole  system,  it  is  COTivenient  to  use  the  moments 
above  the  bottom  of  the  hull.  The  original  moment  for  the  entire  AMBP  was  (1 1,390)(27 .8)  or 
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3 16,642  in.-lbs.  Subtracting  out  the  original  estimated  moment  for  the  equipment  pallet  of 
96,627  in.-lbs.  gives  a  total  estimated  moment  for  the  rest  of  the  system  of 220,015  in.-lbs. 

The  hei^t  of  the  measured  c.g.  for  the  pallet  system  above  the  bottom  of  the  hull  can  be  found  by 
adding  the  measurem^  of  22.31  indies  to  the  depth  of  the  hull  floor  beams  and  skin  thickness  of 
6.375  inches.  The  result  is  28.69  indies 

The  actual  experimaitally  determined  momait  for  the  pallet  system  can  be  found  by  muhqilying 
the  weigjrt  of  5525  lbs.  by  die  hei^t  of  28.69  to  give  158,512  in.-lbs. 

Adding  this  moment  to  that  of  the  hull  above  gives  a  total  for  the  system  of  378,527  in.-lbs. 
Dividing  this  by  the  total  weigjrt  of  13,325  lbs.  gives  a  revised  estimate  of  c.g.  height  of 
28.41  inches  .  These  are  the  new  numbers  that  should  be  used  in  the  roll  stability  analysis. 


6.  REVISED  STABILITY  ANALYSIS 


The  calculation  of  roll  stability  follows  the  method  of  Section  6.  of  Reference  (1).  with  the 
substitution  of  the  new  weigjit  and  c.g.  height  values  from  Section  5.  of  this  report. 

The  design  of  the  hull  has  not  changed  since  the  previous  calculation  and  is  shown  in  Figure  6.1. 

It  is  first  necessary  to  determine  the  location  of  the  waterline  c«i  the  hull.  The  displacements  of  the 
various  parts  of  the  hull  are  the  same  as  they  were  for  the  previous  calculation.  Thus,  the  total 
displacement  of  the  hull  is  still  16,507  lbs. 

The  cunent  estimated  total  wei^t  of  the  hull  and  its  contents,  W,  was  determined  in  Section  5  to 
be  13,325  lbs.  Thus,  the  reserve  buoyancy  of  the  AMBP  is  the  difference  between  these  weights  or 

B  =  3182  lbs.  (6.1) 

Ihe  freeboard  of  the  hull  (distance  from  the  deck  to  the  waterline)  can  be  found  from 

B 

f=  -  =  0.594  ft.  =  7.12  inches  (6.2) 

64  X  Ad 


where  the  deck  area  is  given  by 


Ad  =  [90  X  24]  +  [  90  X  1 10]  =  12,060  in^ 

=  83.75  ft.^  (6.3) 

Thus,  the  waterline  is  predicted  to  be  7. 12  inches  from  the  deck  or  32.88  inches  from  the  “keel’ 

The  locaticMi  of  the  center  of  buoyancy  from  the  keel  can  be  determined  from  the  relaticHiship 

WLbi  +  W’ubj 

b  - - =  17.2  inches  (6.4) 

W 

where  bi  is  the  distance  from  the  keel  to  the  c.b.  of  the  lower  hull  which  is  approximately  9  inches, 
b2  is  the  distance  from  the  keel  to  the  c.b.  of  the  portion  of  the  upper  hull  below  the  waterline  vdiich 
is  found  from 

bz  =  18  +  (22  -  7.12)/2  =  25.44  inches  (6.5) 

Wl  was  found  in  the  previous  report  to  be  6680  lbs.,  and  W’u  is  sinq)ly  the  displacement  of  that 
portiffli  of  fixe  upper  hull  below  the  waterline,  6645  lbs,  which  can  be  found  by  subtracting  Wl 
from  the  total  weight,  W. 
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Schematic  Diagram  of  the  Hull 
Showing  Dimensions  and  Notation 
Figure  6.1 


The  metacOTter  wiiich  is  the  apparent  center  of  rotation  for  the  hull  in  roll  can  be  located  by  its 
distance  above  the  center  of  buoyancy,  bm,  given  by  the  relationship  (2) 


I 

b„=  -  (6.6) 

V 

v^ere  the  moment  of  inertia  of  the  hull,  I,  is  given  by 

1=1/12  Ad  =  392.6  (6.7) 

Ad  is  still  83.75  ft.^  and  the  width  of  the  hull,  w,  is  7.5  ft. 

The  volume  of  the  water  displaced,  V,  is  the  wei^t  of  the  water,  13,325  lbs.  divided  by  64  or 
208.2  ft.^  Substituting  these  values  into  Eq.(6.6)  gives 

b„  =  392.6/208.2  =  1.886  ft.  =  22.63  inches  (6.8) 

Thus,  the  metacenter  is  located  at  17.2  +  22.63  =  39.83  inches  from  the  keel. 

The  c.g.  of  the  AMBP  was  estimated  in  Secticm  5.  as  lying  at  28.41  inches  from  the  keel  and 
approximately  along  the  centerline.  The  distance  of  the  metacenter  above  the  c.g.,  dgm,  is,  thus, 

1 1 .42  inches  or  0.95  ft.  It  is  necessary,  of  course,  that  the  metacenter  be  located  above  the  c.g.  if 
the  system  is  to  be  stable  in  roll. 

The  degree  of  stability  can  be  estimated  by  realizing  that  the  righting  moment,  M,  for  small  angles 
of  roll,  0,  measured  in  radians  can  be  found  from 

M  =  Wdgme=  12,658  0  ft-lbs.  (6.9) 

which,  it  can  be  seen  is  almost  exactly  the  same  stability  as  that  estimated  in  Ref  (1)  Table  6. 1 
gives  values  for  the  righting  moment  for  roll  displacements  from  one  to  15  degrees,  A  200  lb.  man 
standing  at  the  very  edge  of  the  deck  would  create  a  capsizing  moment  of  about  750  ft. -lbs.  Thus, 
the  hull  would  reach  an  equilibrium  angle  of  about  3.4  degrees  in  this  case.  Another  way  of 
expressing  the  stability  is  that  it  would  take  more  ftian  four  200  lb.  men  standing  on  the  same  side 
to  roll  the  hull  15  degrees. 


TABLE  6.1 

RIGHTING  MOMENTS  CORRESPONDING 
TO  VARIOUS  ROLL  ANGLES 


0,  degrees 

1 

5 

10 

15 


0,  radians 

0.01745 

0.08725 

0.1745 

0.26175 
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M,  ft.-lbs. 

220.9 

1104,4 

2208.8 

3313.2 


This  analysis  shows  that  the  increased  weigjit  and  change  in  the  height  of  the  c.g.  for  the  equipment 
pallet  does  not  alter  the  roll  stability  significantly  from  that  calculated  using  the  earlier  estimates  of 
weight  and  c.g.  location.  However,  the  increased  actual  weight  will  make  the  wiiole  AMBP  sit  a 
little  lower  in  the  water.  That  is,  the  fi-eeboard  below  the  deck  has  decreased  from  1 1 .46  inches  to 
7.12  inches  or  about  4.3  inches. 

This  probably  does  not  produce  any  major  practical  problems.  It  will  be  remembered  that  we 
selected  a  point  of  attadunent  fisr  the  mooring  lines  which  is  estimated  to  produce  a  very  small 
pitch  angle  due  to  mooring  forces  in  a  current.  Thus,  it  can  be  expected  that,  even  with  a  reduced 
freeboard,  that  the  deck  will  not  be  submerged  under  normal  current  caiditions.  There  is,  of 
course  a  coaming  around  the  hatch  which  raises  it  27  inches  above  the  deck.  Thus,  even  if  the 
deck  becomes  awash  at  times,  it  will  not  affect  the  interior  conqjartment. 
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7.  CONCLUSIONS  AND  RECOMMENDATIONS 

On  the  basis  of  the  experimaital  measurement  of  the  wei^t  and  c.g.  location  for  the  AMBP 
equipment  pallet,  it  can  be  concluded  that  the  pallet  weighs  5525  lbs.  and  its  c.g.  is  located  about 
22.31  inches  above  the  bottom  of  the  pallet  or  skid. 

This  results  in  a  revised  overall  weight  for  the  AMBP  of  13,325  lbs.  and  a  vertical  location  of  the 
c.g.  of  28.41  inches  above  the  bottom  of  the  hull  or  the  “keel”. 

Recalculating  the  roll  stability  using  these  revised  numbers  indicates  that  the  stability  is  xmchanged 
from  the  earlier  calculations.  However,  the  increased  weight  will  cause  the  AMBP  to  sit  about  4.3 
inches  lower  in  the  water. 

During  the  course  of  the  febricaticm  of  the  hull,  it  would  probably  be  prudent  to  periodically  check 
the  weight  of  the  assembly  to  determine  whether  the  earlier  estimates  are  approximately  correct. 
We  would  eiqiect  that  the  preliminary  estimates  of  the  hull  structure  would  be  more  accurate  than 
those  of  the  equipment  pallet.  However,  if  the  original  estimates  are  inaccurate  and  indicate  that 
roll  stability  would  be  a  problem,  it  would  likely  be  easier  to  correct  the  problem  early  in  the 
fabricati(xi  process  rather  than  at  the  aid. 

In  any  case,  it  is  recommended  that  the  weight  and  c.g.  for  the  hull  be  measured  before  flotation 
tflcting  with  the  payload  and  the  entire  system  reanalyzed  for  stability  with  the  eiqierimental 
numbers. 
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APPENDIX  A 


WEIGHT  AND  C.G.  MEASUREMENTS 
for  the 

AUTONOMOUS  MARINE  BOOSTER  PUMP 
EQUIPMENT  PALLET 


WEIGHT  AND  C.G.  TEST  REPORT 
AUTONOMOUS  MARINE  BOOSTER  PUMP 

Contract  98015R1 

16  October  1998 


submitted  by: 

Engineered  Air  Systems,  Inc.  /  90598 
1270  North  Price  Road  •  St.  Louis,  Missouri  63132 


Center  of  Gravity  Evaluation  of  Autonomous  Marine  Booster  Pump 

Purpose:  Paragraph  1 .2  of  the  contract  requires  that  the  center  of  gravity  of  the 
Engine/Pump  /pallet  system  be  determined.  The  mformation  derived  from  this  test  is  to 
be  used  to  provide  the  required  data  for  later  stability  tests  of  the  hull  subsystem  with  a 
dummy  load  installed. 

Test  Setup:  The  pump  assembly  was  placed  on  four  scales  so  that  each  of  the  leveling 
screws  was  on  an  individual  scale. 

Test  Conditions:  This  test  was  conducted  at  laboratory  ambient  conditions. 

Instrumentation  and  Support  Equipment:  The  following  instrumentation  was  used  to 
record  data. 

•  Scales.  Pennsylvania  model  S400  -  4  required 

•  Bases,  Pennsylvania  600-48x48,  50001b  capacity  -  4  required 


Procedure:  The  test  was  conducted  using  the  Weight  Method  described  in  Aberdeen 
Test  Center’s  TOP  2-2-800  (attached). 

Success  Criteria:  This  data  is  for  information  only,  no  specific  criteria  are  applicable. 

Results:  The  unit  was  initially  weighed  with  no  fluids.  Then  the  system  was  ^ighed 
again  after  15  qts.  of  oil  and  7  gallons  of  50/50  antifreeze  mix  were  installed.  The  pipes 
were  then  filled  with  water  with  the  exception  of  the  hoses  to  the  heat  exchanger  and  the 
heat  exchanger.  The  results  are  shown  below.  Data  sheets  are  attached. 

I  Table  1.  Weight  test  results _  _ _ _ _ 


Ttpiri 

Dry 

W/  antifreeze  &  oil 

With  water 

Weight  on  comer  #1 

1476 

1539 

1618 

Wpipht  on  comer  #2 

1304 

1293 

1362 

Weight  on  comer  #2 

1182 

1192 

1282 

Weight  on  comer  #4 

1114 

1149 

1263 

Total  weieht 

5076 

5173 

5525 

Longitudinal  C.G. 

Distance  from  leveling  screws  on 
control  panel  end 

40.26 

40.27 

41.00 

Lateral  C.G. 

Distance  from  leveling  screws  on 
actuator  side 

20.16 

20.32 

20.21 

%  off  center  longitudinally 

4.76 

4.75 

3.93 

0/„  off  center  laterallv 

2.36 

2.78 

2.49 

10/16/98 
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The  vertical  C.G.  was  then  measured.  Results  are  shown  in  Table  2  below: 


Table  2  -  Vertical  C.G.  results 

Condition 

Height  from  bottom  of  skid 

W/  antifreeze  &  oil 

20.21 

With  water 

22.31 

10/16/98 
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TOP  2-2-800 
31  December  1993 

Weight  Method  (used  for  CG  along  all  three  axes). 

a.  Measure  weight  reactions  Pj  and  P2  at  each  vehicle  axle  by  means  of 
platform  scales  (see  fig.  3).  Also  measure  distance  e  between  axles,  i.e., 
wheelbase.  Calculate  a  and/or  b  using  formula  in  upper  portion  of  Figure  3. 

b.  Place  the  front  (or  rear)  wheels  of  the  vehicle  on  a  raised  platform 
(step)  and  the  rear  (or  front)  wheels  on  a  platform  scale.  Knowing  this 
weight  reaction  and  the  total  vehicle  weight,  calculate  the  weight  reaction  at 
the  opposite  set  of  wheels.  The  ratio  between  the  step  height  and  the  vehicle 
wheelbase  should  be  approximately  0.3. 

c.  Determine  the  vertical  CG  location  by  the  equation  shown  in  lower 
portion  of  Figure  3.  Values  for  r,  W,  Y2,  and  m  are  obtained  by  measurement; 
values  for  and  H  are  obtained  by  calculation. 

d.  Calculate  the  lateral  location  of  the  CG  using  the  method  presented 
in  Figure  4.  Locate  the  CG  relative  to  the  vehicle  longitudinal  centerline. 


TOP  2-2-800 
31  December  1993 


from  rear  axle. 


H 


yz  e  ^  Wa 

Wn 


+  z 


“Height  of  CG  above  ground  level. 

-  <’’1*'=^°"'  »<=*!«  «.ein6). 


"  Total  vehicle  weight* 

Longitudinal  distance  between 
level) . 

~  Step  height. 


CG  and  center  of  raised  axle 


-  Radius  of  wheel  and  tire  combination. 


(when 


Figure  3.  Weight  method. 
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Engineered  Air  Systems  Ii 

1C.,  St.  Louis,  Missouri 

Project:  Autonomous  Marine  Booster  Pump 

(AMBP) 

Date: 

Contract:  98015R1 

Tester:  ^ 

Test:  Weight  and  Center  of  Gravity  Test 

Witness: 

Lateral  and  Longitudinal  C.G. 

Unit  Serial  Number:  Proto  1 

Paragraph:  1.2  ^  .  v  V  / 

IT*;. _ X  A  1..  HP _ A 


- 

Engineered  Air  Systems  Inc.,  St.  Louis,  Missouri 

Project;  Autonomous  Marine  Booster  Pump 
(AMBP) 

Contract:  98015R1 

Test:  Weight  and  Center  of  Gravity  Test  i 
Lateral  and  Longitudinal  C.G.  o.  '  \ 

‘  0  V ' 

Paragraph:  1.2  l/J| 

Date:  /O / 1'] 

Tester: 

Witness: 

Unit  Serial  Number:  Proto  1 

1  First  Article  Test 

Item 

Description 

Units 

Criteria 

Reading 

1. 

Weight  on  corner  #  1  with  unit  level 

Lbs. 

N/A 

/S'3‘) 

2. 

Weight  on  corner  #2  with  unit  level 

Lbs. 

N/A 

/i'n 

3. 

Weight  on  corner  #3  with  unit  level 

Lbs. 

N/A 

llIX 

4. 

Weight  on  corner  #4  with  unit  level 

Lbs. 

N/A 

5. 

Distance  from  front  to  back  of  block  centers 

Inches 

N/A 

■67 

6. 

Distance  from  side  to  side  of  block  centers 

Inches 

N/A 

■yss 

7. 

Total  weight  calculated  (  #l+#2+^3+#4  ) 

Lbs. 

N/A 

sir3 

8. 

Longitudinal  C.G.  distance  from  control  panel  end 
=  ((#3+#4)*#5)/#7 

inches 

N/A 

70.71 

9. 

Lateral  C.G.  distance  from  actuator  side 
=((#I+#3)*#6)/#7 

inches 

N/A 

#9 


o// 


M 

_ En}>inccrcd  Air  Systems  Inc.,  St.  Louis,  Missouri 

Project:  Autonomous  Marine  Booster  Pump 
(AMBP) 

Contract:  98015R1 


Test:  Weight  and  Center  of  Gravity  Test 
Vertical  C.G. 

u/  . 

Paragraph:  1.2  tX  > 


First  Article  Test 


Item 

Description 

Units 

Reading 

■ 

Height  of  #1  and  #2  end 

Inches 

UfH 

2. 

Weight  on  corner  #3 

Lbs. 

3. 

Weight  on  corner  M 

Lbs. 

I'io^ 

■1 

Total  weight  of  #3  &  #4 

Lbs. 

S-fcU 

1 

Total  length  of  unit 

Inches 

6. 

Height  of  C.G.  above  ground  S .  l  ( 7 

=  them  4*  Item  SKWeiaht  *ltein  #8  from  previous  sheet)  Vienalh  ^  -  heieht  ^ 
Weight  *  Item  #1  1  ^  M  'I  *1 

Inches 

:io.o|5 

Inhf! 


Unit  Serial  Number: 


Proto  1 


Engine 


Engineered  Air  Systems  Inc.,  St.  Louis,  Missouri 


Project:  Autonomous  Marine  Booster  Pump 
(AMBP) 


Contract:  98015R1 


Test:  Weight  and  Center  of  Gravity  Test 
Lateral  and  Longitudinal  C.G. 

Paragraph:  1.2  f‘lW 


Date:  I /i 

Tester: 

Witness: _ 

Unit  Serial  Number: 


Proto  1 


First  Article  Test 


Item 

Descripdon 

Units 

Criteria 

Reading 

1. 

Weight  on  comer  #1  with  unit  level 

Lbs. 

N/A 

2. 

Weight  on  comer  #2  with  unit  level 

Lbs. 

N/A 

3. 

Weight  on  comer  #3  with  unit  level 

Lbs. 

N/A 

■1 

Weight  on  corner  #4  with  unit  level 

I.bs. 

N/A 

5. 

Distance  from  front  to  back  of  block  centers 

Inches 

N/A 

6. 

Distance  from  side  to  side  of  block  centers 

Inches 

N/A 

IB 

Total  weight  calculated  (#H-#2+#3+#4 ) 

Lbs. 

N/A 

SS2S 

8. 

Longitudinal  C.G.  distance  from  control  panel  end 
=  ((#3+#4)*#5)/#7 

inches 

N/A 

9. 

Lateral  C.G.  distance  from  actuator  side 
=((#I+#3)*#6)/#7 

inches 

N/A 

20, H 

Pump 


Actuator 


Engineered  Air  Systems  Inc.,  St.  Louis,  Missouri 

Project:  Autonomous  Marine  Booster  Pump 
(AMBP) 

Contract:  98015R1 

Test:  Weight  and  Center  of  Gravity  Test 

Vertical  C.G. 

Paragraph:  1.2 

.  

Tester: _ ^ C'Trr' 

Witness: 

Unit  Serial  Number:  Proto  1 

First  Article  Test 

Item 

Description 

Units 

Reading 

■1 

Height  of  #1  and  U2  end 

Inches 

1 

Weight  on  corner  #3 

Lbs. 

3. 

Weight  on  corner  #4 

Lbs. 

■1 

Total  weight  of  #3  &  #4 

Lbs. 

2%^ 

m 

Total  length  of  unit 

Inches 

1 

Height  of  C.G.  above  ground  4,5  o  i  .'I  $S.iil 

SSI  S'  Vo  Tit 

=  ntem  4*  Item  SKWeiaht  *Item  #8  from  previous  sheet)  Vlemzlh  ^  -  height  ^ 
Weight  *  Item  #\  /  Y  C  5  O 

Inches 

i?.3/ 

F.ngine 


